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[57] ABSTRACT 

A method of injection molding a multi-layer preform from 
a combination of virgin and recycled plastic such as PET so 
that the resultant blow-molded bottle has a reduced tendency 
for bottom failure in spite of the use of recycled plastic. A 
first plastic preform for providing the inner layer of the 
multi-layer preform is provided with spaced channels on the 
exterior surface of a closed end thereof extending from a 
central region of that end to the sidewalls. An injection mold 
cavity is provided with a like plurality of channels formed 
therein in a closed end thereof communicating with the 
injection gate of an injection molding apparatus. The first 
plastic preform is inserted into the injection mold cavity 
with the respective channels of the preform and the injection 
mold cavity substantially aligned. A second layer of plastic 
material is overmolded onto the first layer by injection 
molding in the cavity. A third layer of plastic material may 
be overmolded on the second layer to form a three-layer 
preform. Preferably the first and third layers are formed from 
virgin plastic and the second layer is formed from recycled 
plastic. 

14 Claims, 2 Drawing Sheets 
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METHOD FOR INJECTION MOLDING A 
MULTI-LAYER PREFORM FOR USE IN 
BLOW MOLDING A PLASTIC BOTTLE 

BACKGROUND OF THE INVENTION 
The present invention relates to a method of injection 
molding an improved multi-layer preform for use in blow 
molding a container such as a beverage bottle having a 
bottom with improved structural strength and durability. 

More specifically, the present invention relates to a 
method of injection molding a multi-layer preform from a 
combination of virgin and recycled plastic such as PET so 
that the resultant blow molded bottle has a reduced tendency 
for bottom failure in spite of the use of the recycled plastic. 

It is desirable to be able to fabricate multi-layer plastic 
beverage bottles from the combination of virgin and 
recycled plastics, such as PET. Ideally recycled PET com- 
prises a central layer of a three-layer bottle structure wherein 
the inner and outer layers both comprise a higher grade of 



10 



15 



It is another object of the present invention to provide an 
improved method of making a blow molded container which 
has a bottom region with a reduced probability to incur stress 
cracking, impact failure, burst failure and other structural 
failures. 

It is yet another object of the present invention to provide 
a method for making a preform and resultant blow molded 
beverage bottle with a multi-layer structure which is cheaper 
due to the partial use of recyclable plastic materials. 

It is still a further object of the present invention to 
provide an improved method for making a beverage bottle 
which encourages recycling of plastic materials, and thus 
benefits the environment. 

It is still another object of the present invention to provide 
a method of injection molding at least one layer of a 
multi-layer preform from recyclable plastics, or low IV 
plastics, onto a layer of higher IV plastic, while still achiev- 
ing a bottom structure in a resultant blow molded container 



more expensive virgin PET, so that neither the beverage in 20 of high strength and durability. 



the bottle nor the consumer comes into direct contact with 
the recycled plastic (PET). 

Typically the quality and strength of plastic is measured 
by its intrinsic viscosity (IV). For example, blow molded 
plastic PET bottles are generally fabricated from virgin PET 2 5 
having an IV from about 0.70 to about 0.86 dl/g. On the 
other hand recycled PET generally has an IV less than 0.74 
and from about 0.63 to 0.72. 

The lower intrinsic viscosity, recycled PET, is less durable 
than the higher IV, virgin PET. Therefore, it is subject to a 30 
higher probability of creep, stress cracking, impact failure, 
burst failure or cracking from various other causes. This 
problem is particularly acute in the bottom region of the 
bottle which is subject to more wear and tear. 

In stretch blow molding plastic containers, a preform is 35 
typically injection molded and thereafter internally pressur- 
ized within a blow mold in order to form a bottle. The 
sidewalls or body of the preform are materially expanded 
during the blow molding process causing biaxial orientation 
of the plastic and increase strength. However, the bottom 40 
region of the preform is not materially expanded to the same 
extent and, therefore, does not undergo biaxial orientation to 
any significant degree that will result in increased strength. 
Therefore, regardless of the type of material utilized, the 
bottom region of the bottle is inherently weaker than the 45 
sidewall regions forming the body. 

Accordingly, a need in the art exists for a method to 
minimize the quantity or effect of the use of recycled plastics 
such as PET in the bottom of a multi-layer beverage bottle 
since this bottom region is already inherently less durable 50 
due to the lack of biaxial orientation from the stretch blow 
molding process. 

SUMMARY OF THE INVENTION 



Accordingly, it is a primary object of the present invention 55 present invention. 



It is still another object of the present invention to provide 
an improved structure for a multi-layer preform including at 
least one layer of recyclable or low IV plastic material. 

It is still another object of the present invention to provide 
a method of injection molding at least one layer of a 
multi-layer preform from other polyester materials, or other 
injection moldable barrier plastics, onto a layer of polyester 
such as PET, while still achieving a blow molded beverage 
bottle offering improved barrier properties. 

The objects of the present invention are fulfilled by 
providing a method for injection molding a multi-layer 
preform for use in blow molding a plastic bottle, comprising 
the steps of: 

forming an inner layer of a plastic preform having an open 
end, sidewalls, and a closed end, said closed end having 
a plurality of spaced channels on the exterior surface 
thereof extending from a central area on the closed end 
to the sidewalls; 
providing an injection mold cavity defined by sidewalls, 
an open end for accommodating a core rod, and a 
closed end with an injection gate therethrough, and a 
plurality of channels on the interior surface of the 
closed end communicating with the gate and extending 
from the gate to the sidewalls; 
inserting the plastic preform comprising the inner layer of 
the preform into said injection mold cavity with respec- 
tive channels of the preform and the injection mold 
cavity substantially aligned; and 
overmolding a second layer of plastic material on the 

preform in said injection mold cavity. 
It should be understood in accordance with the present 
invention that the preform may be either a single or multi- 
layer structure formed from the injection techniques of the 



to provide a method for injection molding a multi-layer 
preform for use in blow molding a beverage bottle which 
minimizes the quantity and thickness of recycled PET, or 
low IV plastic, in the bottom of the preform in order to 
increase the strength and durability of the bottom of the 
bottle. 

It is a further object of the present invention to provide a 
method for injection molding a multi-layer preform for blow 
molding beverage bottles including at least one injection 



Preferably the preform is a multi-layer structure with the 
inner layer formed from plastic with a higher intrinsic 
viscosity (IV) than a second layer of plastic overmolded 
thereon. For example, the inner layer may comprise virgin 
60 plastic and the second overmolded layer recycled plastic. 
With a three-layer structure a third overmolded layer may 
be provided of the same or similar plastic to the high IV 
inner layer of virgin plastic. 

Each of the plastic layers in a preferred embodiment 



molded layer of recycled plastic material, or a low IV 65 comprise PET but other types of plastics could be utilized 
plastic, as compared to the IV of the plastic of the remaining within the scope of the present invention. For example for 
layers. "hot fill" applications, plastics with high temperature soft- 
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ening resistance (Tg) could be utilized. Polyesters with high 16Aof the mold cavity between the body 14Aand a threaded 
Tg values for example may comprise polyethylene naphtha- neck configuration 18A formed by a thread split block 18. A 
late (PEN) or its copolymers or blends. Other nonpolyester core rod 24 is movably supported on axis 26 and fits within 
materials may also be utilized for one or more of the layers the mold cavity for supporting and forming the interior 

such as acrylonitrile, styrene, polyamides, acrylonitrile 5 surfac* of the prefonn 20. Once the injecuon molding step 
copolymers, polycarbonate, polyolefins etc. I s com P le ' ed »» *f mold cayrty 10 of FIG 1 the core rod 24 

Furtherscope of applicability of the present invention will * reD >° ved wlth th ? P^ 0 ™ f/ 16 * 00 -™ 6 Sp ,"f 

become apparent from the detailed description given here- ^ * ,heD F £ m 2 ° Ved ^ the pref0nD take8 ' be Shap6 lUUS " 
toafter. However, it should be understood that the Retailed » " ^ ^ 

descnpuon and specific examples, while indicating pre- 10 whicb a e 23 0 f 33' on the molded part, is not 

ferred embodiments of the .nvention, are given by way of , o (he ^ of ^ mvention> and olher mold 

illustration only, since various changes and modificauons desi such M a ho| runn6r fflold loying , mechanical 
within the spirit and scope of the invention will become of themal shut . off could u ^ mstead with sucb „ 

apparent to those skilled in the art from this detailed descrip- ^ a spfue wou]d no , be produoed 

t,on ' 1 As illustrated in FIG. 2 A the preform 20 and its closed end 

BRIEF DESCRIPTION OF THE DRAWINGS 2 °E «? • P 1 ^ of ^ u s P?ff c ^ n ^ C4 

molded therein. These channels CI to C4 extend from a 

The present invention will become more fully understood central region 21 aligned with gate 22 while in the mold 10 

from tie detailed description given hereinbelow and the 2Q and extend to the sidewalls 14A. As will be explained more 
accompanying drawings which are given by way of illus- fully hereinafter, these channels CI to C4 provide flow paths 
tration only, and thus, are not limitative of the present for plastic material injected in an overmolding process, such 
invention and wherein: as in the injection mold of FIG. 3, in order to minimize the 

FIG. 1 is a cross-sectional view of an injection mold amount of overmolded plastic material in the end region 20E 

cavity depicting in side elevation the formation of an injec- 25 of the preform. 

tion molded preform of a single layer to form the base of the Referring to FIG. 3 there is illustrated an overmolding^ 

preform of the present invention; process of the preform 20 formed in the mold cavity 10 of 

FIG. 1A is a full end elevational view taken along line FIG- 1. The core rod of the FIG. 1 mold is inserted into the 
1A 1A Q f pjQ j. mold cavity 10' of FIG. 3 with the preform 20 thereon and 

™~ ~ . ' . \ 4 . , . • • j i f xn a second layer of plastic is injected through the gate 22' into 

FIG. 2 is a partial cros^sectional view in side elevation of 30 J P J ^30 of plastic onto 

the preform molded in the cavity of FIG. 1; £ ^ ^ end ^ of J fcmale ^ cayity 

FIG. 2Ais an end elevational view of the preform of FIG. ^ FIG 3 has a pluralily of channels (shown in FIG. 

2 illustrating a plurality of equally spaced channels molded 3A ^ ^ ^g^gm with channels CV to C4' in the end of 

mereui i 35 preform 20. The respective sets of channels in the closed end 

FIG. 3 is a cross-sectional view of a second injection mold D f preform 20, and in the closed end 12A\ provide flow 
cavity illustrating the overmolding of a second layer of paths for the plastic along radial directions to the sidewalls 
plastic onto the preform of FIG. 2 in accordance with the 0 f the preform. The size of the respective channels are 
present invention in order to achieve a two-layer preform; selected to provide laminar flow of this plastic from the gate 

FIG. 3A is a full end elevational view taken along lines ^ of the sidewalls. 
3A — 3A in FIG. 3; The resultant two layer preform of the injection molding 

FIG. 4 is a partial cross-sectional view of the two layer process within the mold cavity 10 r of FIG. 3 results in the 
preform molded in the mold of FIG. 3; two layer preform structure illustrated in FIG. 4. This 

FIG. 4Ais an end elevational view of the preform of FIG. includes an inner plastic layer 20 and an outer layer 30 

4 illustrating a plurality of equally spaced ribs thereon; and 45 overmolded thereon The ^end configuration of the preform 

_ m . r ■ , . * r ■ . as illustrated in FIG. 4A includes a plurality of equally 

FIG. 5 is a cross-sectional view of a preform having a d ^ RV tQ R4 , Qn the closed end 30£ of the form 

third layer of plastic molded onto the preform of FIG. 5 id ^ rfbs m formed ^ the ^ laslic materia , M me 
accordance with an additional embodiment of the present layer 3Q ^ afe ^ by sectQIS of plaslic which are 

invention. ^ made up Q £ Qnly ^ plastic j n layer 20. thus, the majority 
DESCRIPTION OF THE PREFERRED of thc material which forms the end of the preform is the 

EMBODIMENTS material from the inner layer of preform 20. \ 

In accordance with the present invention the inner plastic \ 

A multi-layer preform of the present invention may be layer 20 of the preform comprises a virgin plastic, such as 

provided by performing a series of injection molding steps 55 virgin PET, and the overmolded plastic layer 30 comprises 
as illustrated in FIGS. 1 to 5 of the drawings. FIG. 1 a recycled plastic, such as recycled PET. However, it can be 
illustrates a mold 10 disposed on a longitudinal axis 26 seen that the only portion of the two layer preform in the end 
including an end cap 12 including a gate 22 extending region 30E of the two layer structure, that is formed from the 
therethrough and a closed end configuration 12A defining recycled plastic, are the ribs Rl'-R4\ Thus, the amount of 

the closed end of the female mold cavity. End 12A includes 60 recycled plastic material in the end structure of the preform 
a plurality of ribs R1-R4 (FIG. 1A) for forming channels CI is minimized. Consequently, the multi-layer preform bottom 
to C4 in the end 20E of a preform 20 to be described further structure has an improved structural strength and durability 
hereinafter with-respect to FIGS. 2 and 2 A. since the majority of the material which makes up the 

A body cavity of the mold 10 is formed by a block 14 bottom structure is the higher quality plastic material in 

having sidewall portions 14A to form the sidewalls (body 65 layer 20. 

portion) of the preform 20. Adjacent to the body cavity block In an additional embodiment of the present invention a 

14 is a transition block 16 for forming a transition portion third layer of virgin plastic, such as PET, can be overmolded 
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onto the composite structure of the preform of FIG. 4 to form 
a three-layer plastic preform. As illustrated the recycled 
plastic in layer 30 is sandwiched between inner layer 20 and 
outer layer 40 of virgin plastic so that a resultant bottle blow 
molded from the preform of FIG. 5 will present only virgin 
plastic surfaces to the product contained within the container 
and the consumer, respectively. 

Accordingly the preforms made in accordance with the 
methods of the present invention are designed to limit the 
amount of the average thickness of the recycled (low IV 
PET) 30 in the base of the preform since stress cracking and 
other forms of cracking are known to be a problem in the 
base area of the PET bottle, and since low IV PET resin is 
known to be more susceptible to cracking than is higher 
(virgin) IV PET. The inner preform 20 is designed as 
illustrated in FIG. 2Asuch that a series of channels CI to C4 
are formed in the base 20E of the preform and are positioned 
to connect the entry point of the melted resin at gate 22 to 
the body or sidewalls of the preform layer 20. When the 
inner preform layer 20 containing the molded-in channels 
CI to C4 in the base area 20E are positioned into the mold 
of FIG. 3 for overmolding of the second layer of recycled 
PET 30, the inner preform layer 20 and its respective 
channels CI to C4 are aligned with the channels CI' to C4 1 
in the end of the female mold cavity of FIG. 3A. The female 
mold cavity of FIG. 3 in the portion 12A 1 has equivalent 
channels CI' to C4' cut into the base area in the overmolding 
female cavity as shown in FIG. 3 A. This arrangement of 
channels CI to C4 molded into the inner preform base 20E, 
which are then aligned with similar channels CI* to C4' in 
the overmolded base area 12A* of the mold 10* of FIG. 3, 
provide closed channels during the second overmolding step 
that are large enough in cross-sectional area to allow rapid 
laminar flow of the second injection shot of recycled PET up 
through the channels and into the body portion 12A' of the 
preform cavity. This approach allows the molding of a 
two-layer preform as illustrated in FIG. 4 consisting of an 
inner virgin PET layer 20 and an outer overmolded recycled 
PET layer 30. Thus the final molded preform base includes 
four equally spaced narrow ribs RT to R4' of recycled PET 
spaced approximately 90° from one another. These ribs are 
separated by large (nearly 90°) pie-shaped sections of virgin 
PET in the underlying preform layer 20. 

These four recycled PET ribs RT to R4 1 are designed to 
be equally spaced at 90° intervals around the base 30E of the 
preform, whereby the channels CI' to C4' serve as connect- 
ing runners from the gate 22' to the preform sidewalls of 
recycled outer layer 30. An additional benefit is that the 
channels also serve to increase the flow rate of material from 
the gate to the recycled outer layer 30, which assists the 
filling of the outer recycled layer 30 into the mold cavity, 
which is necessary in order to compensate for the reduction 
in thickness of the overmolded base portion 20 of the 
preform compared to a thicker base area of a conventional 
monolayer preform. 

The selection of four channels and/or ribs is exemplary 
and other numbers of ribs may be utilized without departing 
from the spirit and scope of the present invention. In 
addition the selection of a square geometry of the channels 
is exemplary and other shapes may be chosen as desired. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended to be included 
within the scope of the following claims. 
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What is claimed is: 

1. A method of injection molding a multi-layer plastic 
preform to be blow molded into a container comprising the 
steps of: 

forming an inner layer of a preform of a first plastic 
material having an open end, sidewalls, and a closed 
end, said closed end having a plurality of spaced 
channels on the exterior surface thereof extending from 
a central area on the closed end to the sidewalls. 

providing an overmolding mold cavity defined by 
sidewalls, an open end for accommodating a core rod, 
and a closed end with an injection gate therethrough, 
and a plurality of channels on the interior surface of the 
closed end communicating with the gate and extending 
from the gate to the sidewalls; 

inserting a core rod and the inner plastic layer of the 
preform into said overmolding mold cavity with 
respective channels of the inner plastic layer of the 
preform and the overmolding mold cavity substantially 
aligned; and 

overmolding a second layer of a second plastic material 
on the inner plastic layer of the preform to form an 
overmolded multi-layer perform in said overmolding 
mold cavity by flowing the second plastic material from 
the gate only through the respective channels to the 
sidewalls of the overmolding mold cavity thereby lim- 
iting the second material in the closed end of the 
multi-layer preform to regions of the channels, and 
wherein the first plastic has a higher resistance to stress 
cracking than the second plastic. 

2. The method of claim 1 wherein the first plastic is PET 
with a given first IV, and the second plastic is PET with a 
second IV, the first IV being greater than the second IV 

3. The method of claim 1 wherein the first plastic is virgin 
plastic and the second plastic is recycled plastic. 

4. The method of claim 3 wherein both the first and 
second plastics are PET. 

5. The method of claim 4 wherein the first plastic is PET 
with an IV from about 0.70 to about 0.86 dl/g, and the 
second plastic is PET with an IV from about 0.63 to about 
0.72 dl/g. 

6. The method of claim 1 wherein the first plastic is PET 
and the second plastic is an injection moldable thermoplastic 
other than PET. 

7. The method of any one of claims 1 or 2 to 3 wherein 
the respective channels in the inner plastic layer of the 
preform and the overmolding mold cavity are dimensioned 
to provide laminar flow from the gate to the sidewalls. 

8. The method of claim 7 including the further steps of: 
removing the overmolded multi-layer preform from the 

overmolding mold cavity; 
providing an additional overmolding mold cavity defined 
by sidewalls, an open end for accommodating a core 
rod, and a closed end with an injection gate there- 
through; 

inserting a core rod and the overmolded multi-layer 
preform into said additional overmolding mold cavity; 
and 

overmolding a third layer of plastic material on the 
multi-layer preform in the additional overmolding 
mold cavity. 

9. The method of any one of claims 1 or 2 to 7 including 
the further steps of: 

providing an additional overmolding mold cavity defined 
by sidewalls, an open end for accommodating a core 
rod, and a closed end with an injection gate there- 
through; 
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inserting a core rod and the overmoleded multi-layer 
preform into said additional overmolding mold cavity; 
and 

overmolding a third layer of plastic material on the 
multi-layered preform in said additional overmolding 
mold cavity. 

10. The method of any one of claims 1 or 2 to 7 wherein 
the forming of the inner layer of the plastic preform com- 
prises the steps of: 

providing a first mold cavity defined by sidewalls, an open 
end for accommodating a core rod, and a closed end 
with an injection gate therethrough, and a plurality of 
spaced ribs on the interior surface of the closed end and 
extending from the gate to said sidewalls; and 

molding the inner plastic layer of the plastic preform in 
said first mold cavity by injecting a first plastic material 
through the gate and between the ribs forming said 
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spaced channels in the resulting closed end of the inner 
plastic layer of the preform. 

11. The method of claim 10 wherein the channels on the 
exterior surface of the closed end of the inner layer of the 
preform and the channels on the interior surface of the 
closed end of the overmolding mold cavity are equally 
spaced on the respective surfaces thereof. 

12. The method of claim 11 wherein there are four 
channels on each surface spaced by about 90°. 

13. The method of claim 1 wherein the channels on the 
exterior surface of the closed end of the inner layer of the 
preform and the channels on the interior surface of the 
closed end of the overmolding mold cavity are equally 
spaced on the respective surfaces thereof. 

14. The method of claim 13 wherein there are four 
channels on each surface spaced by about 90°. 
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